This study presents numerical algorithms for solving a class of equations that partly consists of derivatives of the unknown state at previous certain times, as well as an integro-differential term containing a weakly singular kernel. These equations are types of integro-differential equation of the second kind and were originally obtained from an aeroelasticity problem. One of the main contributions of this study is to propose numerical algorithms that do not involve transforming the original equation into the corresponding Volterra equation, but still enable the numerical solution of the original equation to be determined. The feasibility of the proposed numerical algorithm is demonstrated by applying examples in measuring the maximum errors with exact solutions at every computed nodes and calculating the corresponding numerical rates of convergence thereafter.
Introduction
A dynamical system describing a two-dimensional physical thin airfoil moving inside an incompressible flow
Problem Description
Consider the class of an integro-differential equation of the second kind expressed as follows: 
Numerical Algorithms
The proposed algorithms involve using the separating variables method to directly solve the numerical solution of Equations (1) and (2) . Without loss of generality, assume that 1 b = and 1
with initial data 
Reformulate Equation (3) as a first-order hyperbolic partial differential equation
with the condition
Next, assume that the solutions to Equations (6) and (7) have the form
where the bases, After substituting the form of ξ previously defined in Equation (8) into Equations (6) and (7), the governing equations for ( ) j t α and 0, , , j n =  become the following equations:
and
By the property of the bases, rewrite Equation (10) as 
and ( )
This produces the following linear system of first-order ordinary differential equations:
where 
 * s represent certain values depending on the typical equation, and ( ) ( ) 
A similar procedure can be extended to solve ( ) x t , for 1 t < < ∞ .
1 > σ
For this category, Equation (3) can be rewritten as 
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Numerical Examples
Consider examples involving 0.
and forcing terms ( ) ( ) ( ) ( ) have some vibration phenomena, the maximum errors in Table 1 provide sufficient evidence for the correctness of the numerical solutions.
Remark
This study presents a numerical method for directly solving the integro-differential equations of the second kind.
The method involves discretizing the space s, and retains the variable t. The unknown states ( ) x t are represented by ( ), 0,1, , .
i t i n α =  To solve system (14), which is a semi-discretized scheme, the authors suggest using an ordinary differential equation solver. The (mean) rates of convergence can be determined, although it depends on the separating variable form of the state as well as on the accuracy of the ordinary differential equation solver applied (shown in the coming papers). Another approach to determining the rate of convergence in this observed study is to discretize both variables s and t, and this process results in a full-discretized scheme, as described in [3] .
Summary
This study presents a numerical method for solving a class of singular integro-differential equations of the second kind that contain derivatives of the states at previous certain times of the finite history interval, as well as an integro-differential term containing a weakly singular kernel. The proposed equations can be transformed into Volterra integral equations of the second kind if the integro-differential term is integrable. This study presents direct numerical methods to the proposed equation. The tables of corresponding maximum errors and the mean rates of convergence show the feasibility of using the proposed numerical method for the equations.
